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Plaque calcification is considered an active process of ath-
erosclerosis and is, thus, often used as an indirect marker 

for atherosclerosis.1 According to epidemiological stud-
ies, intracranial artery calcification (IAC) is a risk factor for 
stroke.2 The burden of IAC is related to the development, pro-
gression, and recurrence of stroke. In contrast, the presence 
of calcification in the atherosclerotic vessels correlates with 
stable, noninflammatory, and asymptomatic plaques.3,4 Given 
the discrepancies, questions have arisen as to whether IAC 
actually increases the risk of stroke or is merely a bystander of 
advanced, coexisting atherosclerosis.

Most previous studies on IAC have been undertaken without 
consideration of arterial stenosis at the site of IAC.2 Thus, the 
clinical role of IAC in atherosclerotic stenosis has not been well 
understood.5 In addition, the frequency of arterial calcification is 
different between the carotid artery and distal intracranial arter-
ies, such as the anterior, middle, and posterior cerebral arteries.6

To investigate the effect of IAC on atherosclerotic vulner-
ability, we compared the frequency of arterial calcification 

between symptomatic and asymptomatic stenosis of the 
middle cerebral artery (MCA).

Methods
Study Population
This was a retrospective, cross-sectional study that considered consecu-
tive patients with acute cerebral infarction within 7 days of symptom onset 
who were admitted from January 2005 to December 2014 and enrolled in 
the prospective stroke registry. Of these patients, we considered patients 
with a cerebral infarction in the unilateral MCA territory for this study. 
Patients with coexisting infarctions in arterial territories other than the 
MCA were excluded. We also excluded patients with high-risk sources 
of cardioembolism, other obvious etiologies such as arterial dissection, 
or complete occlusion of the MCA with a pathogenesis that could not 
clearly be determined. Then, we selected patients who had MCA steno-
sis, either in the symptomatic side (ipsilateral to the MCA infarction) or 
in the asymptomatic side (contralateral to the MCA infarction).

Stroke Evaluation
Patients were routinely evaluated using a thin-section noncontrast 
computed tomography (CT) scan at admission, magnetic resonance 
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imaging, including diffusion-weighted imaging, within 2 days of 
admission, and cerebral angiographic studies (at least one each of a 
digital subtraction angiography, CT angiography, and magnetic reso-
nance angiography). Standard cardiac evaluations included 12-lead 
electrocardiography, echocardiography, heart CT, and continuous 
electrocardiography monitoring in the stroke unit or Holter monitor-
ing. During the regular stroke conference, the territory of infarctions 
was determined based on consensus of stroke neurologists. The pres-
ence and the degree of arterial stenosis were also measured, and these 
data were then entered into the prospective registry. For this study, 
arterial stenosis was categorized into normal (0%), mild (<50%), 
moderate (50% to 75%), and severe (>75%).

Imaging and Data Analysis
MCA calcification was qualitatively evaluated on 1.00 or 1.25 mm thin-
section noncontrast CT images using a 3-dimensional software (Xelis; 
Infinitt, Seoul, Korea).7 After adjustment of the window level (500 
Hounsfield units [HU]) and the window width (2500 HU), pixels within 
the region of interest at the MCA that were above the predefined 130 HU 
threshold were automatically highlighted.8 For all defined cases, CT or 
magnetic resonance angiography source images were reassessed to con-
firm that the calcification was in fact located on the MCA.

The stenotic MCA was regarded as symptomatic when there was an 
infarction in the ipsilateral MCA territory. We compared the frequency 
of calcified MCAs between the symptomatic and asymptomatic MCA 
groups. To calculate the correlation of bilateral MCAs selected from 
the same patient, generalized estimating equations were used to com-
pare demographic and imaging findings. Multivariable analysis was 
also performed by entering all variables into the generalized estimat-
ing equations. This study was approved by the Institutional Review 
Board of Yonsei University Health System.

Results
A total of 590 patients were included based on inclusion 
and exclusion criteria (Figure). Among these patients, 533 
were evaluated because 57 did not undergo noncontrast 

thin-section CT scans. Mean age of the 533 patients was 
66.8±12.3 years, and 290 patients (54.4%) were men. Of the 
1066 MCAs assessed in the 533 patients, 645 were stenotic 
MCAs (406 symptomatic [62.9%] and 239 asymptomatic 
[37.1%]).

The symptomatic MCA group was younger and more fre-
quently had hypertension, diabetes mellitus, or hypercho-
lesterolemia, compared with the asymptomatic MCA group 
(Table). MCA stenosis was more severe in the symptomatic 
MCA group. MCA calcification was observed in 36 (5.6%) of 
all stenotic MCAs. Severe stenosis tended to be more common 
in calcified MCAs than in noncalcified MCAs (16.7% versus 
9.5%; P=0.075; Table I in the online-only Data Supplement). 
MCA calcification was more frequent in the asymptomatic 
MCA group (7.9% versus 4.2%; P=0.032). On multivariable 
analysis, the MCA calcification was independently associ-
ated with asymptomatic MCA stenosis (odds ratio, 0.46; 95% 
confidence interval, 0.23–0.92). These associations between 
MCA calcification and asymptomatic MCA stenosis were also 
demonstrated in the subgroup analysis in patients with first-
ever unilateral MCA infarction (Table II in the online-only 
Data Supplement).

Discussion
This study showed that calcification was infrequent among ste-
notic MCAs but was more frequently found with asymptom-
atic MCA stenosis than with symptomatic MCA stenosis. This 
finding suggests that noncalcified plaques are more vulnerable 
than calcified plaques. Active inflammatory conditions make 
plaques more vulnerable. Compared with calcified plaques, 
noncalcified plaques showed more macrophage infiltration and 

Figure.  Patient selection flowchart. CT 
indicates computed tomography; MCA, 
middle cerebral artery; and PCSE, poten-
tial cardiac source of embolis.
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a higher expression of inflammatory markers, including mono-
cyte chemoattractant protein-1 and interleukin-8.3,4 Products 
related to osteogenesis, such as interleukin-1, bone morpho-
genetic protein-6, and osteocalcin, were detected in the fibrous 
cap of plaques and were negatively associated with inflamma-
tion.4 In addition, a computational model revealed that calcifi-
cation in the fibrous cap could also result in physical stability, 
which would protect against rupture.9 Our findings suggest that 
IAC might offer protective effects on plaque vulnerability, as 
does plaque calcification in the extracranial carotid artery.3–5

The presence and burden of IAC were associated with an 
increased risk for stroke.2 However, in previous studies, IAC 
was merely considered to be a marker for advanced coexist-
ing atherosclerosis.2 In this study, calcified MCA stenosis 
tended to be more frequently associated with severe stenosis 
but was less frequently symptomatic, which supports previous 
findings.3,4,9

This study has limitations. First, it does not show a direct 
causal relationship between IAC and cerebral infarction 
because of its cross-sectional design. Furthermore, symp-
tomatic was defined as an acute infarction within 7 days of 
onset. Although some patients might have old infarctions, they 
were not regarded as symptomatic because the exact tempo-
ral relationship between old infarctions and MCA stenosis 
was uncertain. However, the significance of calcified MCA 
on symptomatic MCA infarction was not changed in the sub-
group analysis of patients with first-ever stroke. Second, this 

study included only cases of MCA stenosis. Therefore, it is 
uncertain whether our findings are also applicable to IAC in 
other intracranial arteries, including the internal carotid artery, 
in which IAC is common.

Conclusions
Calcification in atherosclerotic lesions of the MCA was infre-
quent. However, the presence of IAC was less frequently 
associated with symptomatic lesions. Our findings support 
previous studies in coronary or extracranial carotid artery dis-
ease that the calcified plaque is less vulnerable to rupture.
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